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EXECUTIVE  SUJMARY 


The  Federal  Aviation  Administration  (FAA)  has  instituted  a pro- 
gram for  the  development  of  a Discrete  Address  Beacon  System  (DABS) 
that  will  upgrade,  and  eventually  replace,  the  existing  Air  Traffic 
Control  Radar  Beacon  System  (ATCRBS)  as  the  primary  means  of  air 
traffic  control  surveillance.  Since  the  DABS  will  operate  on  the 
same  interrogation  and  reply  frequencies  as  the  ATCRBS  (1030  and  1090 
MHz),  the  DABS  must  be  compatible  with  existing  TACAN/DME  services. 
The  FAA  has  engaged  the  DoD  Electromagnetic  Compatibility  Analysis 
Center  (ECAC)  to  investigate  the  impact  of  the  DABS  on  TACAN/DME  per- 
formance. 


A computer  program  was  developed  to  simulate  TACAN  beacon  per- 
formance, using  a time- event -store  simulation  technique.  Parameters 
investigated  through  simulated  beacon  operation  were  the  probability 
of  beacon  reply  to  interrogations,  the  amount  of  beacon  deadtime 
generated  as  a result  of  receiving  DABS  signals,  and  the  number  of 
TACAN  replies  generated  by  the  beacon  as  a result  of  DABS. 

To  represent  interrogator  performance,  the  criteria  for  acquiring 
range  lock  were  obtained  from  equipment  specifications  and  used  to 
calculate  probability  of  acquiring  lock  as  a function  of  reply  proba- 
bility. 

Calculations  described  above  were  made  for  several  simulated 
situations,  consisting  in  each  case  of  a single  TACAN  beacon  operating 
with  a specific  number  of  interrogating  TACAN  aircraft.  This  estab- 
lished a baseline  of  system  performance  for  TACAN/DME,  in  terms  of 
beacon  reply  probability  and  interrogator  acquire-lock  probability. 

To  assess  the  impact  of  DABS  signals  on  TACAN/DME  performance,  calcu- 
lations similar  to  those  described  for  baseline  performance  were  made. 
In  each  case,  however,  simulation  of  DABS  signals  was  included,  and 
the  resulting  effects  noted.  In  this  manner,  TACAN/DME  performance 
with  DABS  interference  was  compared  to  baseline  TACAN/DME  performance, 
so  that  the  net  effects  of  DABS  interference  could  be  determined. 

Typical  results  of  the  simulation  are  as  follows:  TACAN  X-mode 

performance,  with  a 5:95  search-track  ratio,  is  unaffected  by  DABS 
on  all  channels  except  64  through  68,  used  exclusively  by  the  mili- 
tary. Channel  66  is  unaffected  when  70  or  less  interrogators  are 
being  serviced;  however,  as  the  number  of  interrogators  is  increased 
from  70  to  110,  the  presence  of  DABS  replies  causes  the  probability 
of  beacon  reply  to  decrease  from  .77  to  .50.  Thus,  the  probability 
of  an  interrogator  acquiring  range  lock  decreases  from  .99  to  .79, 
and  the  average  expected  time  for  an  analog-type  TACAN  interrogator 
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EXECUTIVE  SUMMARY  (Continued) 


to  acquire  range  lock  increases  from  11  to  14  seconds.  Channels  65 
and  67  are  each  unaffected  when  85  or  less  interrogators  are  being 
serviced;  however,  as  the  number  of  interrogators  is  increased  from 
85  to  120,  the  presence  of  DABS  replies  causes  the  probability  of 
beacon  reply  to  decrease  from  .77  to  .70.  This  results  in  negligible 
changes  in  the  probability  of  an  interrogator  acquiring  range  lock 
and  the  average  expected  time  to  do  so. 

Simulation  results  for  Y-mode  performance  are  similar  to  those 
described  for  X-mode. 
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SECTION  1 
INTRODUCTION 


BACKGROUND 

The  Federal  Aviation  Administration  (FAA)  has  instituted  a pro- 
gram for  the  development  of  a Discrete  Address  Beacon  System  (DABS) 
which  will  upgrade,  and  eventually  replace,  the  existing  Air  Traffic 
Control  Radar  Beacon  System  (ATCRBS)  as  the  primary  means  of  air 
traffic  control  surveillance.  To  support  the  eventual  automation  of 
air  traffic  control,  the  DABS  will  have  the  potential  to  improve  the 
aircraft-tracking  capacity,  azimuth  resolution,  and  ranging  accuracy 
of  the  existing  ATC  system  and  will  include  a ground-to-air  data  link 
as  an  integral  feature. 


To  facilitate  the  transition  from  ATCRBS  to  the  DABS,  DABS  equip- 
ments will  include  the  capability  to  operate  in  the  ATCRBS  mode. 

Since  the  DABS  will  operate  on  the  same  interrogation  and  reply  fre- 
quencies as  the  ATCRBS  (1030  and  1090  MHz),  the  DABS  must  also  be 
compatible  with  existing  TACAN/DME  services.  The  FAA  has  engaged  the 
DoD  Electromagnetic  Compatibility  Analysis  Center  (ECAC)  to  investi- 
gate the  impact  of  the  DABS  on  TACAN/DME  performance.1 

A related  analysis  conducted  by  ECAC  involved  a determination  of 
the  impact  of  the  provisional  DABS  signal  formats  on  specific  TACAN 
equipments.2  Based  on  data  extrapolated  from  an  equipment  test  pro- 
gram, interference  effects  of  DABS  signal  formats  on  TACAN  performance 
were  described  in  terms  of  1)  total  DABS  signal  level  received  at  a 
TACAN  interrogator,  relative  to  the  maximum  interference  level  that 
can  be  tolerated  by  the  interrogator,  and  2)  the  amount  of  dead  time 
and  loading  generated  at  a TACAN  beacon  as  a result  of  DABS  interfer- 
ence. 

OBJECTIVE 

The  objective  of  this  analysis  was  to  determine  through  simula- 
tion techniques  the  interference  impact  of  the  provisional  DABS  sig- 
nal formats  on  TACAN/DME  system  performance. 

APPROACH 


An  investigation  of  DABS  interference  effects  on  TACAN/DME  per- 
formance was  initiated  by  ECAC,  based  upon  computer  simulation  of 


*Task  Assignment  16  of  Interagency  Agreement  DOT-FA-7CWAI-175. 

2Wingard,  J.  L. , Interference  Potential  of  the  Discrete  Address  Beacon 
System  (DABS)  Provisional  Signal  Formats  on  X and  Y mode  TACAN  Equip- 
ments. FAA-RD-75- 109,  ECAC,  Annapolis,  MD,  December  1975. 
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equipment  operation,  with  and  without  external  (DABS)  interference. 

A baseline  of  TACAN/DME  system  performance  was  established  in  an 
environment  free  from  external  interference.  For  a single  beacon 
replying  to  a variable  number  of  interrogators,  simulated  TACAN/DME 
system  performance  was  described  in  terms  of  1)  probability  that  a 
beacon  would  reply  to  a given  interrogation,  and  2)  probability  that 
an  interrogator  would  acquire  range  lock.  Using  results  of  the  pre- 
vious analysis  involving  DABS  impact  on  specific  TACAN/DME  equipments 
(Reference  2),  the  simulation  was  expanded  to  include  the  case  of 
TACAN/DME  system  performance  in  the  presence  of  DABS  signals.  A 
comparison  was  then  made  between  the  simulation  of  baseline  (TACAN/ 

DME)  performance  and  the  simulation  of  TACAN/DME  performance  in  the 
presence  of  DABS.  From  this  comparison,  a determination  was  made 
of  the  interference  impact  of  the  DABS  on  TACAN/DME  performance. 

Only  the  range-determining  portion  of  the  TACAN  system  was  in- 
vestigated in  this  analysis,  since  the  azimuth  function  in  the  TACAN 
beacon  is  independent  of  the  number  of  interrogators  being  serviced. 
Further,  a determination  was  made  in  an  earlier  analysis  (Reference 
2)  that  direct  interference  from  DABS  will  not  affect  the  ability  of 
an  interrogator  to  acquire  azimuth  lock.  As  a result,  all  references 
in  this  analysis  to  TACAN/DME  system  operation  imply  range  measurement. 
To  determine  a baseline  of  TACAN/DME  system  performance,  it  was  nec- 
essary to  examine  the  degree  of  beacon  loading  and  reply  efficiency, 
as  well  as  the  process  of  range-lock  acquisition  in  the  interrogator. 

The  computer  program  developed  to  simulate  TACAN  beacon  perfor- 
mance used  a time- event- store  simulation  technique.  The  program 
generated  start  and  stop  times  for  bearing  reference  bursts,  squitter 
pulses,  and  aircraft  interrogation  pulses.  Precedence  and  time-of- 
arrival  considerations  were  applied  to  determine  whether  each  inter- 
rogation would  generate  a reply  or  be  pre-empted.  The  probability 
of  the  beacon  replying  to  an  aircraft  interrogation  was  defined  as 
the  ratio  of  the  number  of  replies  generated  by  valid  interrogations 
to  the  total  number  of  interrogations  received. 

To  represent  interrogator  performance,  the  criteria  for  acquiring 
range  lock  were  obtained  from  equipment  specifications  and  used  to 
calculate  probability  of  acquiring  lock  as  a function  of  reply  proba- 
bility. For  the  purposes  of  this  analysis,  the  probability  of  acquiring 
range  lock  depended  only  upon  the  proper  number  of  replies  being  re- 
ceived by  the  interrogator.  Two  specific  interrogator  types  were 
chosen  as  representative  of  those  likely  to  be  found  in  a normal  oper- 
ating environment.  Using  the  respective  acquire-lock  criteria  for 
each  type,  probabilities  of  acquiring  range  lock  were  generated  as  a 
function  of  probability  of  reply  for  each  case. 

Calculations  described  above  were  made  for  several  simulated  sit- 
uations, consisting  in  each  case  of  a single  TACAN  beacon  operating 
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with  a specific  number  of  interrogating  TACAN  aircraft.  The  number 
of  interrogators  was  an  input  variable,  ranging  from  10  to  120  air- 
craft in  each  case.  This  established  a baseline  of  system  performance 
for  TACAN/DME,  in  terms  of  beacon  reply  probability  and  interrogator 
acquire- lock  probability. 

To  assess  the  impact  of  DABS  signals  on  TACAN/DME  performance, 
calculations  similar  to  those  described  for  baseline  performance  were 
made.  In  each  case,  however,  simulation  of  DABS  signals  was  included, 
and  the  resulting  effects  noted.  In  this  manner,  TACAN/DME  perfor- 
mance with  DABS  interference  was  compared  to  baseline  TACAN/DME  perfor- 
mance, so  that  the  net  effects  of  DABS  interference  could  be  determined. 

As  an  additional  measure  of  the  DABS  interference  impact  on  TACAN/ 
DME  performance,  calculations  were  made  of  1)  the  amount  of  dead  time 
produced  by  the  TACAN/DME  beacon  as  a result  of  receiving  DABS  signals, 
and  2)  the  number  of  TACAN  replies  generated  as  a result  of  DABS  sig- 
nals being  received  and  decoded  by  the  beacon.  These  parameters  were 

investigated  at  the  request  of  the  system  engineering  contractor, 

Lincoln  Laboratory. 

The  interference  effects  investigated  in  this  analysis  deal  only 
with  the  results  of  DABS  downlink  (1090  MHz)  formats.  The  case  of 
interference  to  TACAN/DME  performance  from  DABS  uplink  (1030  MHz) 
formats  was  not  investigated  here,  based  on  results  of  the  analysis 
in  Reference  2.  In  that  analysis,  it  was  shown  that  DABS  uplink  sig- 
nals, even  at  close  range  and  with  minimum  frequency  separation,  were 

insufficient  to  interference  with  the  ability  of  the  interrogator  to 
acquire  azimuth  lock  (which  was  shown  to  be  the  function  most  sensi- 
tive to  DABS  uplink  interference).  It  was  further  shown  that  inter- 
ference to  the  TACAN/DME  beacon  from  DABS  uplink  signals  was  minimal 
and  could  be  controlled  through  the  use  of  proper  siting  criteria 
(frequency/distance  separation) . 
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ANALYSIS 


TACAN/DME  SYSTEM 


The  function  of  the  Tactical  Air  Navigation  (TACAN)  System  is  to 
provide  pilots  of  interrogator- equipped  aircraft  with  slant  range 
and  bearing  to  a selected  ground  beacon.  Distance  information  is  ob- 
tained at  the  interrogator  by  measuring  the  time  elapsed  between 
transmitting  an  interrogation  and  receiving  a reply  from  the  beacon. 
Bearing  information  is  derived  through  analog  techniques  that  compare 
the  phase  relationship  of  the  beacon  signal  modulation  envelope  to 
reference  pulses  being  transmitted. 

A TACAN  interrogation  consists  of  a pair  of  pulses  [separated  by 
12  microseconds  (us)  in  X-mode  operation,  and  36  ys  in  Y-mode]  which, 
when  received  and  decoded  by  the  beacon,  cause  the  generation  of  a 
corresponding  pair  of  reply  pulses  (separated  by  12  ys  in  X-mode  and 
30  ys  in  Y-mode).  In  typical  interrogator  performance,  the  interro- 
gator operates  in  the  search  mode  when  initially  activated,  trans- 
mitting interrogations  at  the  rate  of  approximately  140  pulse  pairs 
per  second  (pp/s).  The  actual  PRF  is  "jittered,"  or  purposely  varied 
between  130  and  150  pps  at  a random  rate.  This  is  done  so  that  the 
interrogator  receiver,  using  a gating  pulse  synchronized  with  the 
interrogations,  can  identify  beacon  replies  that  are  in  response  to 
that  particular  interrogator.  When  a predetermined  number  of  replies 
synchronous  with  these  interrogations  is  received  from  the  beacon, 
the  interrogator  switches  to  the  track  mode  of  approximately  26  pp/s 
(randomly  jittered  between  22  and  30  pps)  which  is  maintained  unless 
range  lock  is  broken,  at  which  time  it  reverts  to  the  search  mode. 


The  TACAN  beacon  operates  with  a constant  output  rate  of  3600 
pp/s.  Included  in  this  total  are  bearing  reference  pulses,  replies 
to  interrogations,  squitter  (filler)  pulses,  and  identification 
pulses.  Bearing  reference  pulses,  which  account  for  900  pp/s,  are 
used  by  the  interrogator  in  the  process  of  azimuth  determination, 
and  take  precedence  over  other  types  of  beacon  output  pulses.  The 
remaining  2700  pp/s  of  beacon  output  consist  of  replies  to  aircraft 
interrogations,  squitter  pulses',  and  beacon  identification.  Squitter 
pulses  are  random  pulse  pairs,  generated  to  keep  the  beacon  output 
duty  cycle  at  3600  pp/s  when  the  number  of  reply  pulses  being  gener- 
ated is  not  sufficient  to  produce  this  total.  A signal  keyed  with 
international  Morse  code  is  transmitted  at  regular  intervals  for  bea- 
con identification. 


The  operation  of  Distance  Measuring  Equipment  (DME)  is  essentially 
the  same  as  that  described  for  the  TACAN  system.  The  major  difference 
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between  these  systems  is  that  bearing  information  is  not  provided  by 
the  DME.  Consequently,  the  maximum  duty  cycle  of  the  DME  beacon  is 
2700  pp/s,  since  bearing  reference  pulses  are  not  used. 

DABS  DESCRIPTION 

The  Discrete  Address  Beacon  System  (DABS)  is  being  developed  to 
upgrade  and  eventually  replace  the  existing  Air  Traffic  Control  Radar 
Beacon  System  (ATCRBS)  as  the  primary  means  of  air  traffic  control 
surveillance.  The  DABS  will  consist  of  a network  of  ground  interro- 
gators that,  like  the  ATCRBS,  measure  range  and  bearing  to  transponder- 
equipped  aircraft.  Aircraft  identity  and  altitude  can  be  automatically 
obtained  from  their  encoded  transponder  replies  and  displayed  to  the 
controller.  In  addition,  a digital  data  link  will  be  available  as  an 
integral  part  of  the  system. 

The  major  difference  between  the  DABS  and  the  ATCRBS  is  in  the 
method  of  interrogating  aircraft  within  the  area  of  responsibility. 
ATCRBS  interrogates  all  aircraft  within  its  range,  eliciting  a reply 
from  each  during  every  sweep  of  the  antenna  beam,  while  DABS  will  use 
a discretely  coded  address  message  to  interrogate  each  aircraft  in- 
dividually, scheduling  the  interrogations  so  as  to  eliminate  overlap 
and  garbling  of  replies. 

The  specific  DABS  signal  formats  and  operating  characteristics 
used  by  ECAC  in  performing  this  analysis  were  provided  by  the  DABS 
system  engineering  contractor,  MIT  Lincoln  Laboratory.  These  are 
described  in  Figure  1 and  TABLE  1,  respectively. 

TACAN/DME  PERFORMANCE  SIMULATION 

To  determine  TACAN/DME  system  performance,  it  was  necessary  to 
mathematically  simulate  the  operation  of  a TACAN  beacon  and  both  TACAN 
and  DME  interrogators.  The  operation  of  TACAN  beacons  and  DME  beacons 
is  essentially  the  same,  the  major  exception  being  that  the  DME  bea- 
con does  not  generate  bearing  reference  bursts  and  envelope  modulation 
of  the  signal.  The  operation  of  the  TACAN  beacon,  therefore,  includes 
DME  operation,  and  simulation  of  TACAN  operation  represents  the  gen- 
eral case  of  TACAN/DME  beacon  performance.  Since  the  operational 
mechanisms  of  interrogators  vary  from  model  to  model,  two  interrogators 
were  chosen  as  bases  for  simulation,  with  the  understanding  that  these 
particular  equipments  [AN/ARN-21C  (TACAN)  and  RCA  AVQ-75  (DME)]  were 
representative  of  their  respective  types.  The  interrogator  feature 
chosen  for  simulation  in  this  analysis  was  the  function  of  acquiring 
range  lock  on  a desired  beacon  signal. 


t 


6 


Figure  1.  Provisional  DABS  signal  formats. 
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TABLE  1 

DABS  OPERATING  CHARACTERISTICS  USED  IN  ANALYSIS 


INTERROGATOR/SENSOR : 

PRF: 

200/s  (secondary  interest  in  100/s  6 SOO/s) 

Transmit  Power: 

800  watts3 

Power  Programming: 

100  watts3  for  90%  of  interrogations 
800  watts  for  10%  of  interrogations 

Coupling  Loss  to  Antenna: 

l.S  dB 

Antenna  Gain  of  Fan  Beam: 

26  dBi  (ground-to-air)  1 

20  dBi  (ground-to-ground)  / for  3°  main  beam 

-5  dBi  for  IS®  (1st  sidelobe  level) 

-10  dBi  for  72®  (2nd  sidelobe  level) 

-16  dBi  for  270°  (back lobe  level) 

TRANSPONDER: 

Reply  Rate: 

1/second,  average  for  each  DABS  target 

Transmit  Power: 

250  watts3 

Antenna  Gain: 

0 dBi 

Transponder  Frequency: 

1087  to  1093  MHz,  triangular  distribution 

GENERAL: 

Shape  of  waveforms: 

Trapezoidal,  with  risetimes  = 60  ns  uplink 

75  ns  downlink 

Mix  of  Formats: 

All  transmissions,  interrogations,  and  replies 
consist  of  10%  long  formats  and  90%  short  for- 
mats. 

a Input  to  antenna. 
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The  simulation  of  TACAN  beacon  performance  used  a time-event- 
store  model  based  upon  a Monte  Carlo  approach  to  event  generation. 

A brief  description  of  the  simulation  is  given  below,  with  a detailed 
description  in  APPENDIX  A.  The  situation  to  be  simulated  consisted 
of  a single  TACAN  beacon  and  various  groups  of  interrogator-equipped 
aircraft.  The  start  and  stop  times  of  the  various  events  taking 
place  in  the  beacon  were  generated  by  selection  of  random  numbers. 

The  simulation  of  beacon  performance  necessarily  included  simulation 
of  signals  received  from  aircraft  equipped  with  TACAN/DME  interroga- 
tors, since  beacon  performance  is  a direct  function  of  the  valid 
TACAN/DME  interrogations  received.  Valid  interrogations  received  at 
the  beacon  were  generated  randomly  by  the  model,  simulating, in  effect, 
the  receipt  of  all  interrogations  at  or  above  the  minimum  discernible 
signal  level  (MDS).  The  position  and  transmitted  signal  level  of 
each  interrogator  is  not  considered  here,  since  the  net  effect  of  a 
deployment  of  interrogators  (i.e.,  the  number  of  interrogations  re- 
ceived at  the  beacon  and  their  respective  signal  levels)  is  of  pri- 
mary importance.  Model  inputs  included  a search-track  ratio,  which 
determines  the  percentage  of  TACAN/DME  interrogators  in  both  the 
search  mode  (140  interrogations  per  second)  and  in  track  (26  interro- 
gations per  second).  Search-track  ratios  of  5:95  and  10:90  were  used 
in  this  analysis.  The  total  number  of  TACAN/DME- equipped  aircraft 
interrogating  the  beacon  was  also  a model  input.  For  this  analysis, 
calculations  were  made  for  groups  of  TACAN/DME  interrogators,  ranging 
in  size  from  10  to  120  interrogators. 

Initially,  aircraft  interrogations  received  by  the  beacon,  bearing 
reference  bursts,  and  squitter  pairs  were  assigned  start  times. 

When  start  times  for  all  events  had  been  determined,  the  earliest 
occurring  event  was  found,  and  all  other  events  interfering  with  this 
event  would  be  handled  in  a proper  manner,  depending  upon  the  nature 
of  the  event  and  its  precedence  level.  Once  an  event  had  been  com- 
pleted or  eliminated,  a new  event  would  be  generated  for  a later  start 
time.  A count  was  maintained  of  eliminated  events  as  well  as  success- 
ful events,  to  determine  statistics  for  beacon  operation. 


To  determine  system  performance  of  the  TACAN  beacon,  several  mea- 
sures of  effectiveness  were  considered,  including  the  number  of  squitter 
(random  noise-generated  pulse  pairs)  produced,  the  number  of  TACAN/DME 
aircraft  interrogations  received  at  the  TACAN  beacon,  the  number  of 
beacon  replies  to  TACAN  aircraft  interrogations,  and  the  number  of 
TACAN/DME  aircraft  interrogations  not  eliciting  replies  due  to  over- 
loading of  the  TACAN  beacon.  The  primary  measure  of  TACAN  beacon  per- 
formance was  the  probability  of  beacon  reply,  p,  defined  as 

NR 

p = xF  U) 


N 
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where 

Nr  = number  of  replies  generated  by  the  beacon  in  response 
to  valid  interrogations 

Nt  = total  number  of  valid  interrogations  received  by  the 
beacon. 

Figures  2 and  3 show  the  results  of  the  simulation  for  baseline 
(no  DABS)  performance  of  the  TACAN  beacon.  Figure  2 displays  the 
number  of  squitter  pulses  generated,  the  number  of  replies  to  valid 
interrogations,  and  the  probability  that  a beacon  will  reply  to  any 
TACAN  aircraft  interrogation  for  an  interrogator  search-track  ratio 
of  5:95.  The  probability  of  reply  remained  constant  at  .77  for 
groups  of  interrogators  up  to  approximately  110  TACAN/DME- equipped 
aircraft.  As  the  number  of  interrogators  increased  beyond  this  point, 
the  probability  of  reply  started  to  drop,  and  at  approximately  120 
aircraft  it  reached  .7. 


Figure  2.  Probability  of  X-mode  TACAN  beacon  reply  and  number 

of  beacon  replies  and  squitter  for  various  numbers  of 
TACAN- equipped  aircraft  being  serviced.  (Baseline  per- 
formance, search-track  ratio  of  5:95). 


Figure  3 represents  the  same  situation,  except  that  the  search- 
track  ratio  was  set  at  10:90.  In  this  situation,  the  probability  of 
reply  dropped  below  .7  for  an  environment  of  approximately  100  TACAN/ 
DME-equipped  aircraft. 
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Probability  of  X-mode  TACAN  reply  and  number  of  beacon 
replies  and  squitter  for  various  numbers  of  TACAN- 
equipped  aircraft  being  serviced.  (Baseline  performance 
search-track  ratio  of  10:90). 


DABS  IMPACT  ON  TACAN 


To  measure  the  impact  of  DABS  on  the  TACAN  beacon,  the  signals 
from  an  environment  of  DABS-equipped  aircraft  were  superimposed  on 
the  TACAN/DME  operation  described  above.  This  environment,  provided 
by  the  system  engineering  contractor  as  being  a conservatively  large 
prediction  of  air  traffic  in  1980,  consisted  of  1121*  DABS-equipped 
aircraft  within  200  nautical  miles  (370.4  km)  of  JFK  Airport.  This 
traffic  model  has  a density  of  0.025  aircraft  per  nmi2  within  about 
20  nmi  (37  km)  of  New  York  City.  TABLE  2 describes  the  DABS  deploy- 
ment in  terms  of  the  signal  level  of  each  DABS  aircraft  reply  as 
measured  at  the  TACAN  beacon.  Figure  4 (obtained  from  the  test  pro- 
gram described  in  Reference  2),  displays  the  amount  of  beacon  dead 
time  generated  as  a result  of  receiving  DABS  replies.  Dead  time, 
defined  as  the  period  of  beacon  operation  during  which  the  beacon 
cannot  process  an  incoming  interrogation,  can  be  caused  by  either 
of  two  mechanisms  within  the  beacon.  If  the  interference  is  in- 
terpreted by  the  beacon  as  being  a valid  interrogation  and  is  de- 
coded, a minimum  of  60  us  of  dead  time  is  generated,  as  with  any 
valid  decode.  If  the  interference  is  not  decoded,  an  amount  of 
desensitization  that  varies  as  a function  of  interference  signal 
strength,  resulting  in  an  effective  deadtime  to  desired  signals 


This  figure  differs  from  the  1152  DABS-equipped  aircraft  referred 
to  in  FAA-RD-75-109,  which  included  the  total  number  of  aircraft 
seen  by  a victim  TACAN  interrogator  at  an  altitude  of  10,000  feet 
Line-of-sight  considerations  reduce  this  total  to  1121  aircraft 
seen  by  the  victim  TACAN  beacon. 
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TABLE  2 

DABS  DOWNLINK  SIGNAL  LEVEL  RECEIVED  AT  TACAN/DME 
BEACON  VICTIM  LOCATED  AT  JFK  AIRPORT1* 


Received  Signal 
Level  (dBm)3 


No.  of  Contributing 
DABS- Equipped 
Aircraft 


Received  Signal 
Level  (dBm)3 


No.  of  Contributing 
DABS-Equipped 
Aircraft 


signal  level  of  -70  dBm  represents  the  range  from  -69.5  to  -70.5 
dBm,  etc. 


Beacon  operating  on  Channel  66X  (Receiver  Frequency  1090  MHz) 
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received  at  the  MDS  level,  will  be  generated  by  echo  suppression  cir- 
cuits in  the  beacon.  It  was  determined  in  testing  that  for  these 
formats,  DABS  replies  received  at  signal  levels  above  -81  dBm  were 
always  decoded.  Replies  having  a signal  level  between  -81  dBm  and 
-85  dBm  were  decoded  approximately  50%  of  the  time.  Signal  levels 
below  -85  dBm  were  not  decoded. 


Note:  This  data  based  upon  extension  of  experimental 

data  for  similar  formats. 

Figure  4.  Deadtime  to  a desired  signal  at  MDS  level 
per  DABS  reply  generated  in  X-mode  TACAN 
beacon  by  DABS  downlink  formats. 

TABLE  3 shows  the  effect  of  beacon  off-frequency  rejection  on  the 
number  of  replies  from  DABS-equipped  aircraft  received  by  the  TACAN 
beacon  from  the  1121  aircraft  in  the  DABS  aircraft  environment. 

(This  data,  obtained  in  the  test  program  described  in  Reference  2, 
depicts  the  off-frequency  rejection  of  the  TACAN  beacon  for  these 
particular  DABS  signal  formats.)  If  the  TACAN  beacon  were  co-channel 
with  the  DABS  replies,  all  1121  replies  would  be  received  by  the  beacon. 
If  the  TACAN  frequency  were  1 MHz  removed  from  the  DABS  frequency,  off- 
frequency  rejection  of  the  beacon  would  cause  a 12  dB  drop  in  signal 
level  of  the  DABS  replies  and  only  653  of  the  1121  DABS  aircraft  would 
be  above  the  minimum  sensitivity  level  of  the  beacon. 
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TABLE  3 


EFFECT  OF  OFF-FREQUENCY  REJECTION  ON  NUMBER 
OF  DABS  AIRCRAFT  ABOVE  TACAN  BEACON  THRESHOLD 


Af  (MHz) 3 

Corresponding 
TACAN  Channel15 

Off-Frequency 
Rejection  (dB) 

0 (on-tune) 

66 

0 

1 

65,  67 

12 

2 

64,  68 

21 

3 

63,  69 

24 

4 

62,  70 

26 

5 

61,  71 

27 

9 

57,  75 

30 

10 

56,  76 

32 

20 

46,  86 

38 

DABS- Equipped 
Vircraft  Respons 
Above  Threshold 


aCo-channel  frequency  (Af=0)  is  1090  MHz. 

^Channels  60  through  69  are  for  military  use  only. 

Figure  5 shows  the  effect  on  the  probability  of  reply  from 
the  TACAN  beacon  if  1121  DABS-equipped  aircraft  are  superimposed  on 
the  TACAN/DME-only  operation,  with  the  TACAN/DME  interrogators  com- 
prising a 5:95  search-track  ratio.  The  upper  curve  represents  an  en- 
vironment with  no  DABS  aircraft  and  is  the  baseline  for  TACAN  perfor- 
mance, while  the  lower  curve  shows  the  result  of  1121  DABS  replies 
co-channel  with  the  TACAN  beacon  receiver  frequency.  The  intermediate 
curve  represents  653  DABS-equipped  aircraft  above  sensitivity,  cor- 
responding to  the  case  of  1121  DABS-equipped  aircraft  tuned  one  TACAN 
channel  away,  or  1 MHz  off- frequency.  As  the  frequency  difference 
is  increased,  the  intermediate  curve  shifts  toward  the  upper  curve. 

All  three  curves  are  essentially  the  same  until  approximately  70 
TACAN  aircraft  are  present  together  with  DABS.  At  this  point  the 
beacon  is  operating  at  its  maximum  reply  rate  of  2700  ± 90  pulse  pairs 
per  second  with  minimal  squitter  generation.  The  predominant  effect 
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of  DABS  on  the  TACAN  beacon  is  to  cause  generation  of  TACAN  replies. 
Receiving  interrogations  from  more  than  70  TACAN  aircraft  in  addition 
to  the  DABS  environment,  the  beacon  is  in  an  overloaded  condition, 
resulting  in  desensitization  and  some  TACAN  interrogations  not  being 
serviced  by  the  beacon,  thereby  reducing  the  probability  of  beacon 
reply.  Figure  6 displays  the  case  for  a similar  situation,  with  a 
search-track  ratio  of  10:90. 


The  effect  of  DABS  signals  upon  X-raode  TACAN  beacon  performance, 
in  terms  of  percentage  of  beacon  deadtirae  and  number  of  DABS  interro- 
gations decoded  by  the  TACAN  beacon,  is  shown  in  TABLE  4.  This  data 
was  derived  from  the  simulation  process.  These  parameters  are  in- 
cluded to  indicate  where  the  preliminary  criterion3  for  tolerable 
beacon  interference,  as  proposed  by  Lincoln  Laboratory  in  a letter 
dated  30  May  1975,  is  met.  A copy  of  this  letter  is  included  as 
APPENDIX  B. 


TABLE  4 


EFFECT  OF  DABS  DOWNLINK  SIGNALS  ON 
X-MODE  TACAN  BEACON  PERFORMANCE 


Af 

(MHz) 

TACAN 

Channel 

Per  Cent 
Dead  Time 
Caused  by  DABS 

Number  of 
DABS  Replies 
Decoded  by 
TACAN  Beacon 

0 

66X 

6.5 

797 

1 

65X 

2.6 

222 

67X 

2 

64X 

0.6 

36 

68X 

The  results  shown  thus  far  are  for  X-mode  TACAN  beacon  per- 
formance. A similar  analysis  was  performed  for  the  Y-mode  TACAN  bea- 
con, using  appropriate  data  gathered  in  the  previous  testing  for  the 
Y-mode  case.  These  results  are  displayed  in  TABLE  5 and  Figures  7 
and  8.  For  both  X-mode  and  Y-mode,  at  A f = ±2  MHz,  the  percentage 
of  deadtime  is  below  5%  and  the  number  of  decodes  per  second  is  less 
than  150,  thus  meeting  the  preliminary  criterion  for  tolerable  bea- 
con interference  as  proposed  by  Lincoln  Laboratory. 


aThis  criterion  is  not  intended  to  be,  nor  should  it  be  construed  to 
be,  the  establishment  or  definition  of  acceptable  TACAN/DME  system 
performance  criteria  in  a DABS  environment. 


A. 
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B.  aeon  Receiver  Frequency  on  channel  66X  (1090  Miz). 

Beacon  Receiver  Frequency  on  channel  65X  or  67X  (1089  or  1091  MHz). 


Figure  5.  ProDability  of  X-mode  TACAN  beacon  reply 
with  DABS  in  the  environment,  for  search- 
track  ratio  of  5:95. 


Ikl 


aTACAN  Beacon  Receiver  Frequency  on  channel  6 bX  (1090  MHz). 

bTACAN  Beacon  Receiver  Frequency  on  channel  65X  or  67X  (1089  or  1091  MHz). 

Figure  6.  Probability  of  X-mode  TACAN  beacon  reply 
with  DABS  in  the  environment,  for  search- 
track  ratio  of  10:90. 
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TABLE  5 


EFFECT  OF  DABS  DOWNLINK  SIGNALS  ON 
Y-MODE  TACAN  BEACON  PERFORMANCE 


Af 

(MHz) 

TACAN 

Channel 

Per  Cent 
Dead  Time 
Caused  by  DABS 

Number  of 
DABS  Replies 
Decoded  by 
TACAN  Beacon 

0 

66Y 

8.0 

820 

1 

65Y 

1.6 

126 

67Y 

2 

64Y 

0.1 

6 

68Y 

bTACAN  Beacon  Receiver  Frequency  on  channel  65Y  or  67Y  (1089  or  1091  MHz). 

Figure  7.  Probability  of  Y-mode  TACAN  beacon  reply 
with  DABS  in  the  environment,  for  search- 
track  ratio  of  5:95. 
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NUMBER  OF  TACAN 
INTERROGATORS  BEING  SERVICED 


aTACAN  Beacon  I'.eceiver  Frequency  on  channel  66Y  (1090  MHz). 

bTACAN  Beacon  Receiver  Frequency  on  channel  65Y  or  67Y  (1089  or  1091  MHz). 

Figure  8.  Probability  of  Y-mode  TACAN  beacon  reply 
with  DABS  in  the  environment,  for  search- 
track  ratio  of  10:90. 


In  the  case  of  X-mode  TACAN  performance,  the  deadtime  caused  by 
on-frequency  DABS  interference  is  6.5%  (from  TABLE  4).  This  indi- 
cates that  approximately  65,000  us  of  deadtime  per  second  of  beacon 
operation  is  caused  by  DABS  interference.  This  is  equivalent  to  the 
amount  of  deadtime  generated  by  the  beacon  as  a result  of  receiving 
interrogations  from  approximately  34  TACAN-equipped  aircraft. 

It  should  be  noted  that  "channels  1-16  and  60-69  are  designated 
for  the  military  services  for  tactical  uses  and  are  not  used  in  the 
National  Airspace  System."3  Thus,  the  TACAN  channels  shown  here  to 
be  affected  by  DABS  interference  (co-channel  and  first  and  second 
adjacent  channel  operation)  are  assigned  in  CONUS  only  to  military 
users,  who  "shall  coordinate  in  advance  with  the  FAA  relative  to  the 
use  of  TACAN  channels  16,  60,  and  69  for  land-based  facilities."3 

3 OTP  Manual  of  Regulations  and  Procedures  for  Radio  Frequency  Manage - 
ment,  Office  of  Telecommunications  Policy,  Washington,  DC,  par. 
4.3.5,  p.  4-140,  141. 
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INTERROGATOR  MODEL 

For  the  purposes  of  this  analysis,  the  only  function  of 
interest  in  an  airborne  interrogator  was  the  ability  to  acquire 
range  lock.  This  aspect  of  system  performance  was  evaluated  by 
determining  analytically  1)  the  probability  of  acquiring  lock, 
and  2)  the  time  required  to  do  so. 

To  determine  the  exact  mechanism  of  range-lock  acquisition 
in  various  interrogators,  a study  was  made  of  equipment  specifi- 
cations and  technical  manuals.  From  this  study,  the  characteristics 
of  two  specific  interrogators  (one  TACAN  and  one  DME)  were  chosen 
as  examples  representative  of  those  likely  to  be  found  in  a typical 
operating  environment.  These  characteristics  were  represented  mathe- 
matically and  used  to  obtain  the  statistics  of  interest. 

The  TACAN  interrogator  investigated,  AN/ARN-21C, has  a maxi- 
mum range  of  200  nautical  miles  and  a search  cycle  of  20  seconds. 

The  requirement  for  obtaining  range  lock  is  that  a minimum  of  six 
replies  to  interrogations  be  received  coincident  with  the  late 
gating  pulse  of  the  interrogator.4  This  gating  pulse,  whose 
position  in  time  is  directly  proportional  to  the  distance  read- 
out on  the  interrogator  display,  is  synchronized  with  the  trans- 
mitted interrogation  pulses.  The  late  gating  pulse  travels  in 
a direction  corresponding  to  increasing  distance,  reaches  maximum, 
returns  to  zero,  and  travels  through  the  entire  range  again.  As 
a worst  case,  the  gating  pulse  will  have  just  passed  through  the 
correct  range  position  when  the  search  mode  is  initiated,  thus 
requiring  a complete  cycle  to  again  attain  the  correct  position. 

For  the  AN/ARN-21C,  the  width  of  the  late  gating  pulse  is  such 
that  it  is  possible  to  receive  14  reply  pulses  coincident  with 
its  duration. 

A mathematical  representation  of  the  TACAN  interrogator  was 
obtained  as  follows.  If  the  receipt  of  a reply  pulse  from  the 
beacon  is  considered  to  be  an  event  that  will  either  occur  or 
not  occur,  a minimum  number  of  events  (6)  must  occur  in  order  for 
the  interrogator  to  acquire  range  lock.  (It  was  assumed,  for  the 
purpose  of  this  analysis,  that  each  reply  generated  by  the  beacon 
was  received  by  the  interrogator.)  The  probability  of  this  number 
of  events  occurring  is  a binominal ly  distributed  random  variable. 

For  the  occurrence  of  6 or  more  events  out  of  a possible  14,  the 
probability  of  acquiring  range  lock,  w,  is  given  by 


4 Radio  Set  AN/ARN-21C , Technical  Manual,  T.  0.  12R5-2ARN21-42,  US 
Air  Force,  1 June  1963. 
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W = H (i)  (P)1  (1‘P)(14-1) 


i=6 


where  p is  the  probability  of  beacon  reply. 


(2) 


Strictly  speaking,  the  above  equation  represents  the  proba- 
bility that  range  lock  will  occur  when  the  late  gating  pulse  of 
the  interrogator  is  in  the  position  corresponding  to  precisely 
the  correct  range  from  the  beacon.  However,  assuming  that  the 
late  gating  pulse  will  pass  through  that  position  at  some  point 
during  one  complete  search  cycle,  regardless  of  where  it  starts, 
w may  be  defined  as  the  probability  of  acquiring  range  lock 
during  one  complete  search  cycle.  The  above  equation  was  used 
to  generate  the  curve  of  acquire-lock  probability  as  a function 
of  probability  of  beacon  reply,  displayed  in  Figure  9. 

The  DME  interrogator  investigated,  an  RCA  AVQ-75,  also  has 
a maximum  range  of  200  nautical  miles,  but  the  search  cycle  in 
this  case  is  5 seconds.  The  criterion  for  this  equipment  to 
acquire  range  lock  is  that  3 consecutive  replies  be  received 
coincident  with  the  late  gating  pulse.5  In  the  AVQ-75,  a maxi- 
mum of  9 replies  may  possibly  be  coincident  with  the  gating  pulse. 

A binomial  probability  distribution  was  used  to  obtain  the  proba- 
bility of  receiving  a sufficient  number  of  replies,  but  it  was 
modified  to  ensure  that  the  replies  were  properly  arranged  fi.e., 

3 consecutive  replies).  In  this  case,  the  probability  of  acquiring 
range  lock,  w,  is  given  by 


9 

" =2  Ni 

i=3 

where  NL  is  the  probability  that  at  least  3 out  of  i replies  re- 
ceived during  range  coincidence  (i.e.,  9 trials)  will  be  consecutive, 
and  p is  the  probability  of  beacon  reply.  The  values  of  N^,  obtained 

through  combinational  analysis,  are  given  in  TABLE  6.  The  probability 
of  acquiring  range  lock  as  a function  of  reply  probability  is  shown 
in  Figure  10. 


(!) 


P (1  - P) 


9-i 


(3) 


1 


5AVQ  - 75  DME  System  Instruction  Manual,  IB96435-1,  Aviation  Equip- 
ment Dept.,  Radio  Corporation  of  America,  July  1967. 
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PROBABILITY  OF  REPLY 


Figure  10.  Probability  of  acquiring  range  lock  during  one  com 
plete  search  cycle  vs.  probability  of  beacon  reply 
Interrogator  of  interest:  RCA  AVQ-75. 
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TABLE  6 


VALUES  OF  OBTAINED  THROUGH  ANALYSIS 


i 

9 8 7 6 5 4 3 

N. 

l 

1 1 1 0.88  0.60  0.29  0.08 

EXPECTED  TIME  TO  ACQUIRE  LOCK 

Once  p,  the  probability  of  beacon  reply  to  aircraft  interro- 
gations, had  been  determined,  it  was  used  to  determine  w,  the 
probability  of  acquiring  range  lock  during  one  search  cycle.  As 
a measure  of  system  performance,  the  expected  time  to  acquire  lock 
was  evaluated  by  the  following  technique. 

The  probability  of  acquiring  lock  on  the  nth  cycle,  Pn»  may 

be  calculated  by  using  the  negative  binomial  probability  function, 
since  the  probability  of  acquiring  lock  on  the  nth  cycle  requires 
n-1  misses  and  one  hit  so  that 

Pn  = w (l-w)n  * (4) 

To  obtain  the  expected  time  to  acquire  lock,  calculations 
were  made  for  the  most -favorable  and  least-favorable  positions 
of  the  late  gating  pulse  in  the  interrogator  receiver.  The  ex- 
pected time  to  acquire  lock,  if  the  gating  pulse  is  in  the  most- 
favorable  position,  is  calculated  using 


^ Pn  ' (n'1)  ' T " ? - (5) 

n=l 

where  t is  the  cycle  time  of  the  interrogator.  This  represents 
the  case  when  the  late  gate  is  at  the  point  in  the  search  cycle 
corresponding  exactly  the  correct  range  from  the  beacon.  If  the 
late  gate  has  just  passed  this  correct  range  position  and  must 
continue  through  the  entire  cycle  to  attain  the  correct  position, 
the  expected  time  to  acquire  lock  (lea^t-favorable  position)  is 
calculated  using 


‘i 
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Evaluating  these  expressions  over  a range  of  values  for  proba- 
bility of  beacon  reply  produces  the  corresponding  expected  time  to 
acquire  range  lock  shown  in  Figures  11  and  12. 


2<r  UPPER  LIMIT  ON  LEAST 
FAVORABLE  POSITION  OF 
GATE 


LEAST\FAVORABLE  POSITION  OF 
GATE  \ 


MOST  FAVORABLE  POSITION 
OF  GATE 


4 5 6 

PROBABILITY  OF  REPLY 


Figure  11. 


Expected  time  to  acquire  range  lock  vs. 
probability  of  beacon  reply  for  AN/ARN-21C 
TACAN  interrogator. 


Since  these  values  for  time  to  acquire  range  lock  are  average 
times,  the  standard  deviation  of  these  times  can  be  calculated  from 

1 “*  w 

the  negative  binominal  probability  function  and  c?T  = t.  Using 

this  information,  an  upper  bound  can  be  placed  on  the  expected  time 
to  acquire  range  lock  by  adding  2o^  to  the  expected  value,  since  most 

of  the  time  range  lock  will  occur  within  two  standard  deviations  of 
the  mean.  These  values  of  the  mean  time  plus  2 standard  deviations 
are  plotted  in  Figures  11  and  12  for  the  least  favorable  position  of 
the  starting  gate.  This  curve  then  serves  as  an  upper  bound  for  the 
expected  time  to  acquire  range  lock. 

For  the  TACAN  interrogator,  the  expected  time  to  acquire  lock  re- 
mains relatively  unchanged  when  probabilities  of  beacon  reply  are 
greater  than  .5,  as  shown  in  Figure  11.  When  the  probability  of  beacon 
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reply  is  below  .5,  the  time  necessary  to  acquire  lock  increases 
rapidly  as  the  probability  of  reply  decreases. 

Figure  12,  which  is  similar  to  Figure  11,  displays  the  expected 
time  to  acquire  lock  for  the  DME  interrogator. 


- 2*  UPPER  LIMIT  ON  LEAST 
FAVORABLE  POSITION  OF 
SATE 


-MOST  FAVORABLE  POSITION  1 
Of  GATE  ! 


2 3 4 3 .6  .7  8 .9  1.0 

PROBABILITY  OF  REPLY 

Figure  12.  Expected  time  to  acquire  range  lock  vs. 

probability  of  beacon  reply  for  AVQ-7S 
DME  interrogator. 

These  performance  predictions  are  representative  figures. 

Specific  performance  figures  can  be  readily  generated  for  other  in- 
terrogators, using  the  same  reply  probabilities  and  modifying  acquire 
lock  criteria  to  represent  the  interrogator  of  interest. 

The  newer  digital  type  interrogators  have  average  expected  times 
to  acquire  range  lock  of  approximately  0.1  second. 
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SECTION  3 
RESULTS 


To  analyze  the  impact  of  DABS  on  TACAN,  a conservatively  large 
predicted  environment  of  1121  DABS-equipped  aircraft  within  200 
nautical  miles  (370.4  kilometers) of  the  TACAN  beacon  was  utilized. 
TACAN  performance  on  all  channels  other  than  64  through  68,  used 
exclusively  by  the  military,  was  unaffected  by  DABS.  For  channels 
64  through  68,  the  interference  effects  were  as  indicated  below. 


1.  Typical  simulation  results  of  X-mode  TACAN/DME  perfor- 
mance when  experiencing  DABS  interference  appear  in  TABLE  7.  As  can 
be  seen  from  this  table,  the  probability  of  reply  is  not  affected  by 
DABS  whenever  the  number  of  TACAN  interrogators  is  70  or  less.  For 
on-tune  DABS,  the  probability  of  reply  drops  from  .77  to  .46  as  the 
number  of  TACAN  interrogators  introduced  into  the  environment  was  in- 
creased from  70  to  120.  With  a frequency  separation  of  1 MHz,  there 
are  fewer  interfering  DABS  signals  and  the  probability  of  reply  does 
not  drop  as  rapidly  as  the  on-tune  case  but  does  fall  from  .77  to  .63, 
as  shown  in  TABLE  7. 

TABLE  7 


PROBABILITY  OF  BEACON  REPLY  (X-MODE) 


Number  of  TACAN/DME 
Interrogators  (Track/ 
Search  Ratio  = 95:5) 

Probability  of  Beacon  Reply 
to  Valid  Interrogation 

TACAN  Only 

TACAN  § DABS 
(6f=0) 

TACAN  DABS 
(Af=l  MHz) 

<70 

.77 

.77 

.77 

80 

.77 

.70 

.77 

90 

.77 

.63 

.77 

100 

.77 

.56 

.75 

110 

.76 

.50 

.70 

120 

.69 

.46 

.63 

2.  The  major  effect  of  a reduction  in  beacon  reply  proba- 
bility is  to  produce  a reduction  in  the  probability  that  an  interro- 
gator will  acquire  range  lock.  Typical  results  are  shown  in  TABLE  8 
for  X-mode  TACAN/DME  performance.  Similar  results  were  obtained  for 
Y-mode  operation.  Figures  11  and  12  display  the  expected  time  to 
acquire  lock  for  representative  analog-type  TACAN  and  DME  interroga- 
tors as  a function  of  probability  of  beacon  reply.  The  DME  interro- 
gator analysis  was  included  for  comparison  purposes  only  and  is  not 
involved  with  any  consideration  of  performance  on  the  military 
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tactical  channels.  It  should  be  noted  that  the  probability  of 
acquiring  range  lock  is  dependent  upon  the  type  of  equipment  being 
used  as  well  as  the  probability  of  reply.  Some  equipment  may  per- 
form satisfactorily  with  lower  levels  of  probability  of  reply  than 
indicated;  others  may  not  perform  satisfactorily  at  the  same  level 

TABLE  8 


PROBABILITY  OF  ACQUIRING  RANGE  LOCK 
(X-MODE)  DURING  ONE  SEARCH  CYCLE 


Probability  of 
Beacon  Reply 

Probability  of 
Acquiring  Range  Lock 

DME 

Interrogator 
(RCA  AVQ-75) 

TACAN 

Interrogator 

(AN/ARN-21C) 

.77 

.90 

.99 

.76 

.89 

.99 

.75 

.88 

.99 

.70 

.83 

.98 

.69 

.81 

.98 

.63 

.71 

.97 

.56 

.58 

.89 

.50 

.47 

.79 

.46 

.39 

.70 

3.  Since  probability  of  beacon  reply  is  only  one  pos- 
sible measure  of  effectiveness  for  beacon  performance,  it  was 
desirable  to  determine  and  evaluate  other  measures,  independent 
of  the  probability  of  reply.  Deadtime  generated  in  a TACAN  bea- 
con by  DABS  signals,  and  the  number  of  TACAN  replies  generated  by 
the  beacon  in  response  to  DABS  signals  were  also  measured.  Simula- 
tion results  for  calculation  of  these  parameters  are  given  in  TABLE 
9.  For  the  on-tune  case,  deadtime  attributable  to  DABS  was  65,000 
microseconds  per  second  and  the  number  of  DABS-induced  TACAN  replies 
was  797.  These  two  measures  would  be  comparable  to  introducing 
approximately  34  additional  TACAN  interrogators  into  the  environment. 
While  the  effect  of  over- interrogation  reduces  the  probability  of 
reply  in  the  on-tune  case,  DABS-induced  deadtime  is,  for  all  prac- 
tical purposes,  insignificant.  The  loss  of  beacon  replies  caused  by 
overloading  is  more  prominent  than  that  caused  by  deadtime. 

4.  Results  similar  to  those  shown  in  TABLE  9 were  obtained 
for  Y-mode  performance. 
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TABLE  9 

TACAN  DEAD  TIME  AND  REPLIES  RESULTING 
FROM  DABS  SIGNALS  (X-MODE) 


Af 

(MHz) 

Military 
TACAN  Channel 

DABS  Induced 
Dead  Time 

Number  of  TACAN  Replies 
Generated  by  DABS  Signals 

0 

66 

6.5% 

797 

1 

65,  67 

2.6% 

222 

2 

64,  68 

0.6% 

36 

5.  When  a Af  2 MHz  is  maintained,  both  parameters  (dead 
time  produced  by  DABS  interrogations  and  DABS-produced  decodes)  were 
reduced  to  a level  below  the  interference  criteriona  (see  APPENDIX 
B)  established  by  Lincoln  Laboratory  (5%  dead  time  and  150  decodes 
per  second).  Similarly,  probability  of  beacon  reply  is  unaffected 
by  DABS  when  the  frequency  separation  is  greater  than  2 MHz  (Af  >_ 

2 MHz). 

The  above  results  were  obtained  from  simulation  techniques,  and 
as  such,  are  subject  to  the  simulation  limitations  outlined  in 
APPENDIX  A. 


This  criterion  is  not  intended  to  be,  nor  should  it  be  construed  to 
be,  the  establishment  or  definition  of  acceptable  TACAN/DME  system 
performance  criteria  in  a DABS  environment. 
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APPENDIX  A 

TACAN/DME  BEACON  PERFORMANCE  PREDICTION  MODEL 


MODEL  DESCRIPTION 

To  obtain  statistical  data  concerning  the  operation  and  per- 
formance of  the  TACAN/DME  beacon  in  both  interference  and  inter- 
ference-free environments,  a computer  simulation  was  developed, 
using  the  modeling  technique  of  the  time -event -store  simulation. 

A flow  chart  of  the  simulation  is  displayed  in  Figure  A-l.  The 
operation  of  the  beacon  is  classified  into  various  events.  Each 
event  is  assigned  a time  of  occurrence  in  accordance  with  beacon 
operating  characteristics,  and  the  interplay  between  events  is 
checked  to  determine  beacon  performance. 

The  search-track  ratio  and  the  number  of  TACAN  aircraft  in 
an  environment  are  model  inputs.  The  model  was  exercised  for 
TACAN  aircraft  environments  of  up  to  120  aircraft,  and  search- 
track  ratios  of  both  5:95  and  10:90.  The  description  below  is 
of  X-mode  beacon  operation.  Appropriate  modifications  were  made 
in  the  program  to  simulate  Y-mode  operation. 

To  establish  the  events  for  the  simulated  operation  of  a 
TACAN  beacon,  four  subroutines  were  developed. 

TDB:  Time  of  direction  or  bearing  reference  burst 

TS:  Time  of  squitter  transmissions 
TA:  Time  of  aircraft  interrogation 

TRNOIS:  Time  of  random  noise,  including  DABS  signals  that 

may  act  as  TACAN  interrogations  or  mask  valid 
TACAN  interrogations. 

These  subroutines,  which  initially  set  up  the  time  of  occurrence 
for  the  events  taking  place  in  beacon  operation,  are  described 
below. 


TDB.  The  bearing  reference  bursts  produced  by  the  TACAN  beacon 
are  of  two  types.  The  north  reference  burst  consists  of  12  pulse 
pairs  spaced  30  ps  apart,  with  intra-pair  spacing  of  12  ps  for  a 
total  of  345  ps  per  burst,  as  shown  in  Figure  A-2.  The  auxiliary 
reference  burst  consists  of  6 pulse  pairs  spaced  24  ps  apart  with 
intra-pair  spacing  of  12  ps,  for  a total  of  135  ps  per  burst 
(Figure  A-3) . 
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Auxiliary  bearing  reference  bursts  occur  at  the  rate  of  135  per 
second.  North  reference  bursts  occur  synchronously  at  the  rate  of 
15  per  second  and  have  precedence  over  the  auxiliary  bursts.  The 
model  generates  the  first  bearing  reference  burst  (a  north  reference 
burst)  at  time  zero.  The  next  and  all  subsequent  bearing  reference 
bursts  occur  at  intervals  of  7407.4  us  after  this,  with  every  ninth 
burst  being  a north  reference  burst. 

TS . To  maintain  the  duty  cycle  of  2700  replies  per  second, 
squitter  pairs  are  transmitted  by  the  beacon  whenever  there  are  in- 
sufficient replies  to  aircraft  interrogations  to  maintain  the  duty 
cycle.  In  the  TS  subroutine,  the  time  of  occurrence  of  a squitter 
pair  is  determined  by  the  selection  of  a random  number,  which  is 
superimposed  onto  a probability-of-occurrence  curve  (Figure  A-4). 

This  curve  was  standardized  (i.e.,  converted  by  a scale  factor  so 
that  the  area  under  the  curve  equals  1),  and  the  probability  of  oc- 
currence for  each  25-ys  time  segment  was  determined.  For  modeling 
purposes  (X-mode  operation),  the  squitter  pair  is  given  a 72  ys 
duration:  12  ys  for  the  time  between  pulses  and  60  ys  for  the  dead- 

time produced  by  activating  the  decoder  inhibit  in  the  beacon.  During 
this  72  ys  period,  no  other  request  from  aircraft  for  service  may  be 
replied  to  by  the  beacon. 

TA.  The  time  of  occurrence  of  a TACAN  aircraft  interrogation 
arriving  at  the  TACAN  beacon  is  individually  determined  for  every 
aircraft  interrogating  the  beacon  and  depends  upon  whether  the  air- 
craft is  in  search  or  track  mode  of  operation.  The  event  start  times 
were  randomly  determined,  to  simulate  the  actual  interrogation  char- 
acteristics of  the  TACAN  aircraft  interrogators.  The  total  deadtime 
generated  by  each  interrogation  from  an  X-mode  TACAN  aircraft  is  of 
75  ys  duration,  including  12  ys  between  pulses,  3 ys  for  pulse  width, 
and  60  ys  for  deadtime  produced  by  activating  the  decoder  inhibit  in 
the  beacon. 

TRNOIS . DABS  signals  received  by  a TACAN  beacon  could  be  inter- 
preted by  the  beacon  as  being  valid  TACAN  interrogations,  and  as  such, 
coi.ld  generate  replies  and  deadtime  in  the  beacon.  In  the  simulation 
of  beacon  operation,  the  time  of  occurrence  of  each  DABS  event  is 
determined  from  an  exponential  probability  function,  with  the  number 
of  DABS  aircraft  in  the  envrionment  as  an  input.  The  number  of  DABS 
replies  appearing  at  the  TACAN  beacon  is  specified  to  be  one  reply 
per  second  per  DABS  aircraft,  from  an  aircraft  deployment  provided 
by  the  system  engineering  contractor. 

To  determine  the  time  of  occurrence  of  each  DABS  event,  the  num- 
ber of  DABS  events  is  assumed  to  be  a Poisson-distributed  random 
variable.  The  time  between  events  will  then  be  exponentially  dis- 
tributed with 
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where  X is  the  occurrence  rate  per  unit  time.  The  probability 
that  the  DABS  event  occurs  before  some  time,  k,  would  be 


K 

/ 


Xe‘At  dt 


(A- 2) 


A random  number  between  0 and  1 is  obtained  and  set  equal 
to  this  integral  so  that 

dm  i -Xk 
R.\  = 1 - e 

and  solving  for  k, 

k = In  (1-RN)/  - X 


(A- 3) 


The  time  k is  used  as  the  time  elapsed  until  the  next  DABS  event 
occurs.  Each  time  the  subroutine  is  called,  a random  number  is 
used  to  determine  the  time  to  the  next  random  DABS  event. 

MODEL  OPERATION 

After  all  of  the  events  that  can  take  place  have  been  assigned 
a start  time,  these  times  are  checked  to  find  the  event  that  occurs 
first.  Bearing  ref erence  bursts  have  highest  priority.  Any  event 
that  would  overlap  the  bearing  reference  burst  is  eliminated.  Squit- 
ter,  TACAN  aircraft  interrogations,  and  DABS  replies  are  on  a first- 
come,  first- served  basis.  When  a determination  has  been  made  of  the 
event  that  occurs  first,  another  subroutine  is  called,  depending  upon 
which  type  of  event  it  is,  to  check  for  the  overlapping  between  the 
different  events.  These  four  subroutines  are  called  DBTIME,  SQTIME, 
ACTIME,  and  RATIME,  and  are  described  below. 

Subroutine  Descriptions 

DBTIME.  This  subroutine  is  used  whenever  the  bearing  reference 
burst  occurs  first.  If  this  is  a north  reference  burst,  the  end 
time  of  the  event  is  345  ys  later  than  the  start  time  of  the  event. 

If  it  is  an  auxiliary  reference  burst,  then  the  end  time  is  the 
start  time  plus  135  ys.  A check  is  made  to  determine  if  the  squitter 
event  falls  into  the  time  frame  of  the  bearing  reference  burst;  if 
so,  the  squitter  is  eliminated  and  a new  squitter  start  time  is  re- 
quested from  the  TS  subroutine.  Next,  a check  is  needed  to  determine 
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if  any  of  the  TACAN  aircraft  in  the  environment  have  interrogation 
start  times  that  fall  within  the  bearing  reference  burst.  If  so, 
the  overlapped  interrogations  are  eliminated  and  new  interrogation 
start  times  are  requested  from  the  TA  subroutine.  After  all  TACAN 
interrogations  have  been  checked  against  the  bearing  reference 
burst,  the  DABS  event  start  time  is  checked  to  determine  if  the 
DABS  reply  occurs  during  a bearing  reference  burst.  If  it  does, 
the  DABS  event  is  eliminated  and  a new  start  time  for  the  DABS 
event  is  requested  from  the  TRNOIS  subroutine. 


When  all  of  these  checks  have  been  made  with  appropriate 
events  counted  and  eliminated,  the  TDB  subroutine  is  called 
to  generate  the  start  time  for  the  next  bearing  reference  burst 
Once  this  has  been  accomplished,  control  is  returned  to  the 
main  program  and  a check  of  all  event  start  times  is  again  made 
to  determine  which  event  occurs  first. 


SQTIME.  When  the  squitter  pair  event  occurs  first,  the 
SQTIME  subroutine  is  used.  A check  is  made  to  determine  if 
the  beacon  duty  cycle  of  2700  pulse  pairs  per  second  is  ex- 
ceeded. This  is  done  by  dividing  the  number  of  squitter  pairs 
plus  TACAN  replies  plus  decoded  DABS  replies,  by  the  elapsed 
time  of  the  simulation.  If  this  ratio  is  greater  than  .0027 
pulse  pairs  per  microsecond,  the  duty  cycle  is  being  maintained 
and  no  squitter  pair  is  needed.  The  TS  subroutine  is  called  to 
generate  the  next  squitter  pair  start  time.  The  program  then 
reverts  back  to  checking  for  the  earliest  occurring  start  time. 
If  the  duty  cycle  has  not  been  exceeded,  a check  is  made  to 
determine  if  the  squitter  pair  will  end  before  the  next  bearing 
reference  burst  begins.  If  there  is  overlapping  (i.e.,  the 
squitter  pair  falls  into  the  direction  burst)  the  squitter  pair 
is  eliminated  and  a new  squitter  start  time  is  requested  from 
TS.  Again  the  event  start  times  are  searched  to  determine  the 
earliest  occurring  event.  If,  however,  the  squitter  pair  does 
not  overlap  the  direction  burst,  then  a valid  squitter  pair  is 
generated.  Once  a valid  squitter  pair  has  been  established, 
all  TACAN  interrogation  start  times  are  checked  to  determine 
if  they  fall  within  the  squitter  pair.  If  so,  they  are  con- 
sidered as  being  eliminated  and  new  event  start  times  for  the 
TACAN  interrogations  so  eliminated  are  requested  from  TA.  The 
last  check  made  is  to  determine  if  a DABS  reply  will  overlap 
the  squitter  pair.  If  so,  the  DABS  reply  would  be  eliminated, 
causing  a request  for  a new  DABS  event  start  time  for  TRNOIS. 
Finally,  after  all  events  have  been  checked  and  compared,  a 
new  squitter  pair  start  time  is  requested  from  TS  for  the  next 
occurring  squitter  pair,  and  a return  to  the  main  program  is 
made  to  determine  the  next  earliest  occurring  event. 
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actime.  Whenever  the  earliest  occurring  event  is  a TACAN  inter- 
rogation, the  subroutine  ACTIME  is  called.  A check  is  made  to  deter- 
mine if  the  beacon  duty  cycle  of  2700  pp/s  has  been  exceeded.  If  so, 
the  TACAN  interrogation  event  is  classified  as  not  generating  a reply, 
due  to  a beacon  overload  condition,  and  is  so  recorded.  Then  a new 
TACAN  interrogation  start  time  is  generated,  and  control  reverts  to 
the  main  program.  If  the  duty  cycle  has  not  been  exceeded,  a check 
is  made  to  determine  if  the  TACAN  interrogation  event  ends  before  the 
next  Scheduled  bearing  reference  burst.  If  not,  the  TACAN  interroga- 
tion event  is  again  classified  as  not  generating  a reply  from  the  bea-  * 

con  and  is  so  recorded.  A new  start  time  is  generated  for  the  TACAN 
aircraft  whose  interrogation  has  been  eliminated.  If  the  TACAN  inter- 
rogation does  not  overlap  the  bearing  reference  burst,  then  another 
check  on  the  TACAN  interrogation  event  is  made  to  determine  if  any 
squitter  start  times  fall  within  the  time  duration  of  the  aircraft  in- 
terrogation event.  If  so,  the  squitter  is  eliminated  and  a new 
squitter  start  time  is  generated.  For  a fourth  check,  all  other  TACAN 
interrogation  events  are  compared  to  the  present  aircraft  interrogation 
event  to  determine  if  any  overlap  occurs.  If  so,  the  overlapping  in- 
terrogation is  eliminated  and  a new  one  is  generated  for  the  TACAN 
interrogation  event  that  was  overlapped.  The  last  check  is  to  deter- 
mine if  the  DABS  event  falls  within  the  aircraft  interrogation  event. 

If  so,  the  DABS  event  is  eliminated  and  so  recorded.  If,  after  all 
of  these  checks  have  been  made  and  the  aircraft  interrogation  event 
is  not  eliminated,  it  generates  a reply,  this  is  recorded,  and  a new 
TACAN  interrogation  event  start  time  is  generated. 

1 

RATIME.  Whenever  the  event  simulating  the  DABS  reply  has  the 
earliest  start  time,  the  subroutine  RATIME  is  called.  A random  num- 
ber determines  whether  a long-  or  short-  format  DABS  reply  was  re- 
ceived, with  90%  of  the  replies  being  short  format  and  10%  being 
long  format.  The  deadtime  associated  with  the  DABS  event  is  calculated 
according  to  the  power  level  of  the  DABS  reply,  provided  the  duty  cycle 
of  2700  replies  per  second  has  not  been  exceeded.  A separate  random 
number  determines  the  power  level  of  the  incoming  DABS  reply,  which, 
in  turn,  specifies  the  amount  of  deadtime  generated.  The  information 
contained  in  TABLE  2 (page  12)  and  Figure  4 (page  13)  was  utilized 
in  this  determination  of  deadtime. 

Having  established  the  length  of  the  DABS  event,  a check  is  made 
to  determine  if  a squitter  pair  falls  within  the  DABS  event.  If  so, 
the  squitter  is  eliminated  and  a new  squitter  start  time  is  generated. 

A check  is  then  made  to  determine  if  any  TACAN  interrogation  events 
fall  within  the  DABS  event.  Those  that  do  are  eliminated  and  new 
start  times  for  these  TACAN  interrogations  are  regenerated,  using  the 
TA  subroutine.  In  addition,  a check  is  made  to  determine  if  the  power 
level  of  the  DABS  reply  is  high  enough  to  be  decoded,  and  a count  is 
maintained  of  the  number  of  TACAN  replies  generated  by  decoded  DABS 
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signals.  Finally,  a new  DABS  start  time  is  generated  for  the  next 
DABS  event  from  the  TRNOIS  subroutine.  No  check  is  made  to  deter- 
mine if  the  DABS  event  ends  before  the  bearing  reference  burst 
starts.  Should  this  occur,  the  DABS  event  will  not  be  eliminated,  but 
will  be  ignored  and  the  bearing  reference  burst  will  be  transmitted. 
The  DABS  event,  however,  which  starts  before  the  direction  reference 
burst  occurs,  may  eliminate  the  squitter  event  or  other  TACAN  in- 
terrogation events. 

End  of  Program 

The  generation  of  starting  event  times  and  the  regeneration  of 
new  event  times  is  continued  until  5 seconds  of  simulated  time  has 
elapsed.  The  computer  running  time  for  the  5-second  simulation, 
which  evaluates  12  groups  of  TACAN  interrogators  (10  to  120  aircraft), 
is  6 minutes. 


The  simulation  can  be  continued  for  any  length  of  time  desired. 
However,  accuracy  level  and  degree  of  confidence  of  the  statistics 
generated  by  the  simulation,  together  with  consideration  of  running 
time,  do  not  warrant  a longer  simulation. 

Output 


To  determine  beacon  performance,  the  simulation  generates  the  num- 
ber of  TACAN  aircraft  interrogations  that  were  made,  and  the  number  of 
TACAN  aircraft  interrogations  that  successfully  elicited  a reply, 
and  divides  the  number  of  successful  interrogations  by  the  total 
number  of  interrogations  made,  to  obtain  probability  of  reply  by  the 
beacon  to  any  interrogation  by  a TACAN  aircraft.  This  is  the  primary 
measure  used  to  determine  TACAN  beacon  performance. 

Other  parameters  generated  during  the  simulation  include  the  num- 
ber of  squitter  pulses  produced  by  the  beacon,  the  number  of  TACAN 
interrogations  deleted  because  of  an  overload  condition  on  the  beacon, 
the  number  of  DABS  replies  decoded  by  the  beacon,  and  the  amount  of 
beacon  deadtime  associated  with  DABS  replies. 

OTHER  FEATURES  OF  THE  SIMULATION 

A subroutine  called  TAI  and  its  companion  AITIME  are  available 
to  generate  event  start  time  and  overlap  checks  for  an  aircraft  of 
interest,  if  the  user  desires  to  follow  a particular  aircraft  through 
the  5-second  simulation.  These  subroutines  produce  the  time  at  which 
an  aircraft  of  interest  would  shift  from  search  to  track  mode,  as  well 
as  the  number  of  interrogations  and  number  of  associated  replies  for 
the  aircraft  of  interest. 
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SIMULATION  LIMITATIONS 

The  simulation  maintains  the  2700  pp/s  duty  cycle  of  the  TACAN 
beacon.  However,  it  does  not  desensitize  when  the  duty  cycle  is 
exceeded.  Instead,  the  probability  of  reply  is  still  determined  by 
dividing  the  number  of  replies  generated  by  the  number  of  interro- 
gations made.  This  is  somewhat  unrealistic,  in  that  the  beacon  would 
normally  densensitize  and  maintain  a standard  probability  of  reply. 
However,  a count  is  made  of  the  number  of  interrogations  made  when 
the  duty  cycle  was  exceeded  so  that,  in  effect,  desensitization  can 
be  measured. 

At  the  present  time,  the  TACAN  aircraft  interrogators  are  all 
assumed  to  be  above  the  beacon  sensitivity  threshold.  No  effect  of 
distance  to  the  aircraft  is  taken  into  account,  since  it  was  the 
purpose  of  the  simulation  to  determine  the  beacon  effectiveness  as 
a function  of  the  number  of  TACAN  aircraft  in  the  environment. 

In  the  simulation  of  the  DABS  replies  received  by  the  TACAN 
beacon,  a particular  deployment  of  DABS  aircraft  at  various  power 
levels  was  provided  as  input.  The  results  of  the  simulation  are  a 
function  of  the  DABS  environment  and  should  be  so  interpreted.  The 
model  could  be  exercised  for  any  given  DABS  environment,  but  results 
must  be  interpreted  as  being  dependent  upon  this  specific  environment. 
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PRELIMINARY  CRITERION  OF  TACAN/DME  BEACON  INTERFERENCE 


This  criterion  is  not  intended  to  be,  nor  should  it  be 
construed  to  be,  the  establishment  or  definition  of  acceptable 
TACAN/DME  system  performance  criteria  in  a DABS  environment. 
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Mr.  William  B.  Hawthorne 


It  is  requested  that  ECAC,  in  using  this  criterion,  provide  at 
some  place  in  the  final  documentation,  the  data  for  other  values  of 
deadtime  and  loading.  In  this  way,  a reader  who  may  want  to  apply 
a different  criterion  will  be  able  to  obtain  the  appropriate  results 


Respectfully  yours 


William  H.  Harman 
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